Introduction
Response surface methodology (RSM) is a mathematical and statistical experimental protocol that is widely used for optimization of factors involved in industrial processing for food, biology, and chemistry (1) . The main advantages of RSM are reduction in the number of experimental measurements, simple evaluation of statistical relationships, and identification of interactions between variables (2, 3) . Therefore, RSM is less laborious and time consuming than other approaches that require optimization (4) . Different RSM methods of a central composite design (CCD) and a Box-Behnken design (BBD) are widely used. CCD is popular due to suitability for a second-order polynomial model and is a powerful and common experimental design, in addition to minimal time requirements and efficiency, compared with other designs (5) . Equations used to describe relationships between response variables are affected by test variables.
Rhus verniciflua stokes of family Anacardiaceae, commonly known as lacquer trees, is used as a traditional herbal medicine in Korea, Japan, and China. R. verniciflua stokes has been used to treat gastritis, stomach cancer, diabetes, and inflammatory diseases and has been reported to exert antioxidant (6) , antiinflammatory (7, 8) , antirheumatoid arthritis (9) , and anticancer (10, 11) activities. However, application is limited as a food ingredient due to the presence of urushiol, which causes allergic reactions (12) . Therefore, removal of urushiol is important for use of the plant in the food industry. Processing using organic solvents, heat, and enzymes has been attempted for removal of urushiol. In this study, R. verniciflua stokes was used to remove urushiol produced by Fomitella fraxinea (13) . Fermented R. verniciflua stokes (FRV) extracts have been reported to have antioxidant, antiinflammatory, anticancer, and neuro-protective effects (14) (15) (16) . Phytochemical studies have revealed that FRV contains phenolic acids including gallic acid, protocatechuic acid, and lantabetulic acid, and flavonoids including sulfuretin, fustin, fisetin, and butein (17, 18) . These phenol compounds with a wide variety of biological properties are interesting targets for optimization of extraction from natural products (19, 20) . Phenolic compounds have been shown to exert anticancer, antiinflammatory, antiviral, antimicrobial, and antioxidant physiological activities (21) .
Urushiol, a lipid soluble compound, is not dissolved in FRV water extracts (17) , which have been reported to exhibit higher extraction yields than acetone and ethanol extracts (22) . Thus, in this study, optimal extraction conditions for FRV water extracts were determined for use in food industry. Production parameters of extraction temperature, time, and the solvent to solid ratio were optimized as modifiers for maximum extraction yield, total phenolic content (TPC), and the FRV inhibition rate in human gastric carcinoma cell (AGS) cells using RSM with a CCD.
Materials and Methods
Chemicals and reagents Folin-Ciocalteau's phenol reagent (FC), sodium carbonate (SC), tannic acid (TA), and 3-(4, 5-dimethyl thiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Roswell Park Memorial Institute medium (RPMI)-1640, fetal bovine serum (FBS), and 100 U/ mL penicillin A and 100 µg/mL streptomycin were obtained from HyClone Laboratories (Logan, UT, USA). All reagents used in this study were of analytical grade.
Preparation for extraction and yield measurement FRV was provided by the Fermentation and Food Processing Division of the National Academy of Agricultural Science, Rural Development Administration (Jeonju, Korea) and was stored at −20 o C (DY-60F; LASSELE Co., Ltd., Seoul, Korea) prior to use. A biological approach for removal of urushiol from R. verniciflua stokes using Fomitella fraxinea was reported in a previous study (13) . The FRV material was cut into 2×2 cm pieces and fermented for 14 days at 21 o C to produce FRV, followed by drying in an oven at 50 o C. Dried and finely powdered FRV (1 g) was subjected to extraction using distilled water with solvent to solid ratios from 10:1 to 30:1 mL/ g and subjected to extraction for different times from 4 to 20 h at constant temperatures varying from 25 to 105 o C. Water extracts were filtered and dried using a vacuum evaporator (NE-Series; Eyela, Tokyo, Japan). FRV extracts were evaporated to dryness using freezedrying (FD8508; IlShin Lab Co., Ltd., Seoul, Korea) at −72 o C for 36 h and weighed (AL204; Mettler Toledo Inc., Columbus, OH, USA). The FRV extraction yield (Y 1 ) was expressed as a percentage based on g of extract/g of dry weight.
Total phenolic content (TPC) assay TPC values of FRV extracts were measured according to the FC procedure described by Taga et al. (23) with modification. Diluted extracts (1 mL) were reacted with 500 µL of FC (Sigma-Aldrich Co.), 1 mL of 35% SC (Sigma-Aldrich Co.), and 7.5 mL of distilled water. After maintaining FRV extract samples at room temperature for 1 h, samples were vortexed (SLV-6; SeouLin Bioscience, Seoul, Korea). Absorbance was measured at 760 nm using a UV-Vis spectrophotometer (V-530; Jasco, Tokyo, Japan). TPC values were quantified using a calibration curve obtained based on measuring the absorbance of TA (Sigma-Aldrich Co.) standard. The concentration was expressed as mg of tannic acid equivalents (TAE) per g of extract.
Cell culture AGS was obtained from the Korea Cell Line Bank (Seoul, Korea). Cells were cultured in RPMI-1640 medium (HyClone Laboratories) supplemented with 10% FBS and antibiotics (HyClone Laboratories), and were maintained at 37 o C in a 5% CO 2 humidified incubator (NU-5510G; NuAire Inc., Plymouth, MN, USA).
Cell viability Cell viability assays were performed using MTT reagent (Sigma-Aldrich Co.). Cells were cultured in a 96-well plate (30096; SPL Life Sciences, Pocheon, Korea) at a concentration of 1× 10 4 cells/well. After 24 h of conditioning, the culture medium was aspirated, and cells were exposed to a sample concentration of 1 mg/mL for 24 h. Subsequently, 10 µL of MTT dye (5 mg/mL) was added to cultures, followed by incubation (NuAire Inc.) for 4 h at 37 o C. The index of cell viability was calculated based on measurement of the optical density of color produced by MTT dye reduction at 540 nm (Model 680; Bio-Rad Inc., Hercules, CA, USA).
Experimental design and statistical analysis Optimization of FRV extraction was achieved using a CCD with five levels and three variables generated with Minitab statistical software (version 17.2; Minitab Inc., State College, PA, USA). CCD matrices consisted of six central points, eight factorial points, and six axial points (two axial points on the axis of each design variable at a distance of ±2 from the design center), resulting in sixteen sets of experimental runs. The three independent variables selected were extraction temperature ( o C) (X 1 ), extraction time (h) (X 2 ), and solvent to solid ratio (mL/g) (X 3 ). Actual and coded levels of the independent variables used in the experimental design are shown in Table 1 . Extraction yield, TPC, and the inhibition rate in AGS cells were dependent responses.
Experimental data were subjected to an empirical second-order polynomial regression analysis using the Minitab statistical software (Minitab Inc.) and presented as:
where Y is response function; β o is intercept, and β i , β ii , and β ij are regression coefficients of the linear, quadratic, and interactive terms, respectively. Accordingly,
, and x i x j are coded independent variables, and k is the number of variables. Statistical significance of coefficients in the regression equation was determined using the analysis of variance (ANOVA) function of Minitab statistical software (Minitab Inc.). The fit of the polynomial model equation to responses was evaluated based on the coefficient of determination (R 2 ) and F test of Minitab statistical software (Minitab Inc.). Statistical significance was defined as p<0.05.
Results and Discussion
Fitting the model Relationships between response functions and process parameters were identified using a CCD involving 3 factors. Extraction conditions of yield, TPC, and the inhibition rate in AGS cells were evaluated. Predicted and experimentally measured responses for each independent variable are listed Table 2 . Amongst the experiments conducted in this study, experiment #14 (temperature= 85 o C, time=8 h, and solvent to solid ratio=25 mL/g) provided the highest extraction yield of 2.37%. Experiment #11 (temperature=65 o C, time=12 h, and solvent to solid ratio=10 mL/g) produced the lowest
extraction yield of 0.64%. The extract from experiment #8 (temperature =105 o C, time=12 h, and solvent to solid ratio=20 mL/g) had the highest TPC of 126.97 mg/TAE g, and the extract from experiment #3 (temperature=45 o C, time=8 h, and solvent to solid ratio=25 mL/g) had the lowest TPC of 50.71mg/TAE g. The extract from experiment #8 (temperature= 105 o C, time=12 h, and solvent to solid ratio=20 mL/g) had the highest inhibition rate in AGS cells of 72.81%, and the extract from experiment #13 (temperature=45 o C, time=8 h, and solvent to solid ratio=15 mL/g) had the lowest at 33.96%. The extraction process was thus optimized to obtain maximum desirable responses.
Fitting the quadratic model to data is shown in Table 3 . ANOVA results indicated that the contribution of the quadratic model was significant (p<0.05) for response of the dependent variables of extraction yield, TPC, and inhibition rate. ANOVA indicated a good model performance with R 2 values of 0.9613, 0.9851, and 0.8038 for extraction yield, TPC, and the inhibition rate in AGS cells, respectively. F values of 16.55, 44.02, and 2.73 for extraction yield, TPC, and the inhibition rate, respectively. p-Value indicated significance of the extraction yield, and the TPC value generated from the model was higher than the 95% confidence level (Table 3) .
Response surface analysis of extraction yield Extraction temperature, time, and solvent to solid ratio significantly (p<0.05) contributed to the extraction yield. The regression equation was: 
The quadratic relationship between the extraction yield and the extraction factors had a good regression coefficient of R 2 =0.9613. High F values with low p values always lead to more significant correspondence amongst independent variables. X 1 , X 3 , and X 3 2 were significant (p<0.05), whereas X 2 , X 1 2 , X 2 2 , X 1 X 2 , X 1 X 3 , and X 2 X 3 were not significant (p>0.05).
Variation of yield with extraction temperature, time, and solvent to solid ratio is presented in Fig. 1A . These factors affected the extraction efficiency. A linear increase in extraction yield with temperature is shown in Fig. 1A(a) and 1A(b) . An increase in extraction temperature can improve the extraction yield due to dispersion and absorption of solutes and reduction in cell wall integrity (24, 25) . The extraction yield increased as the time increased from 4 to 20 h. High temperatures produced a curved effect similar to extraction time, perhaps because with a longer exposure time, a liquid could diffuse and penetrate FRV soluble materials. Zhu and Liu (26) reported that the extraction yield of crude polysaccharides from pomegranate peels increased at high extraction temperatures and with long durations. The extraction yield increased with a high solvent to solid ratio (Fig. 1A(c) ). The solvent to solid ratio is another factor that influences the efficiency and selectivity of an extraction solution. If the solvent to solid ratio is too low, extraction is incomplete, whereas too much solvent can result in a high processing cost (26) . The FRV yield continued to increase as the solvent to solid ratio increased, perhaps because the solvent to solid ratio increased diffusion and enhanced desorption of FRV from cells. Optimum conditions for a maximum extraction yield of 2.45% were an extraction temperature of 100.46 o C for 12.21 h with a solvent to solid ratio of 24.62 mL/g.
Response surface analysis of the total phenolic content The coefficient of determination for TPC (R 2 =0.9851) and the relationship between TPC and temperature, time, and solvent to solid ratio are shown in Table 3 . The quadratic polynomial equation with significant terms was:
X 1 was the most significant factor for TPC (p<0.05). TPC was affected by temperature and time, with linear relationships between TPC and both factors shown in Fig. 1B(a) . Temperature and time both operated independently on TPC (Table 3) . Temperature and time are important factors for increasing the solubility and diffusion rate of components, such as phenolic contents (20, 27, 28) . In accordance with the increase in temperature to improve the extraction rate, the extraction time required for maximum recovery of phenols decreased. Increasing the temperature likely promoted compound movement and increased membrane permeability of FRV phenolic compounds, potentially destroying plant cell components. In addition, all phenolic compounds may not be stable at high temperatures. Thus, high temperature extraction may be more appropriate for sample with a high proportion of thermally stable phenolic compounds. The length of solute exposure indicates the time required for a solvent to penetrate into a dry compound, dissolve a solute, and diffuse out of the compound (29) .
When the solvent to solid ratio increased from 10 to 30 mL/g, the TPC value also increased by about 8.2% (at X 1 =65 o C and X 2 =12 h) ( Table 2) , likely due to an increased amount of solvent that better penetrated cells allowing recovery of more phenolic compounds at a higher solvent to solid ratio (30, 31) . The optimum conditions for maximum total phenolic extraction of 133.80 mg of TAE/g were an extraction temperature of 104. Table 3 . The quadratic polynomial equation with significant terms for the FRV inhibition rate, omitting not significant terms, was:
X 1 was the significant factor (p<0.05) for the FRV inhibition rate. The inhibition rate in AGS cells was affected by temperature, time, and solvent to solid ratio (Fig. 1C) . The relationship between response and the extraction factors of temperature and time, and cumulative effects on the response are shown in Fig. 1C(a) . An increase in the inhibition rate was observed with an increasing temperature, but time did not have a significant (p>0.05) effect. When the temperature was increased from 25 to 105 o C, the inhibition rate also increased by approximately 54.66% (at X 2 =12 h and X 3 =20 mL/g) ( Table 2) , likely attributable to antioxidant rich polyphenol contents (32) (33) (34) . Inhibition rate on AGS cells are affected by extraction conditions of the temperature and solvent to solid ratio (Fig. 1c(b) ). The response increased with an increasing temperature at a high solvent to solid ratio. The highest inhibition rates were observed at a high temperature of 105 o C and a high solvent to solid ratio of 30 mL/g. The extraction time and solvent to solid ratio are shown effects on inhibition rate by their interactive (Fig. 1C(c) ). Significant (p<0.05) increases in the response were observed at high solvent to solid ratios, whereas overheating always reduced the inhibition rate. Optimum conditions Prediction of a set of optimum conditions for the three response variables was also accomplished using the desirability function approach. A total desirability function value of 0.9399 was obtained within a range of 0 to 1, where 0 represents a completely undesirable response and 1 represents the most desirable response. At this desirability value, extraction from FRV using a temperature of 89.95 o C, an extraction time of 9.25 h, and a solvent to solid ratio (Fig.  2 ) of 25 mL/g as modifiers resulted in an extract yield of 2.37%, a TPC Fig. 1 . Response surface plots of (A) extraction yield, (B) total phenolic contents, and (C) inhibition rate of fermented Rhus verniciflua stokes showing effects of temperature, time, and the solvent to solid ratio.
1) X 1 , temperature; X 2 , time; X 3 , solvent to solid ratio. Fig. 2 . Overlapping contour plot for simultaneous optimization of extraction yield, total phenolic content, and inhibition rate from fermented Rhus verniciflua stokes under optimized extraction conditions. The plot shows the effect of extraction temperature and time.
value of 113.75 mg of TAE/g, and an inhibition rate of 72.61% in AGS cells from FRV (Table 4) . Optimal conditions for extraction produced extracts with the highest extraction yield, total phenolic contents, and inhibition rate in AGS cells using non-toxic solvents and, therefore, extracts were directly applicable for use in food and pharmaceutical industries. Identification of optimal conditions is important for industry and further studies into FRV applications as healthy and valuable materials are necessary.
